for future work to explore these possibilities.
One very interesting observation, apparently conserved between multiple systems, is that the effect of a perturbation changes over time. The immediate effect of the temperaturesensitive kinesin mutant is to knock-out kinesin function rapidly but leave minus-end transport unaltered. However, over time, all transport ceases. This is interpreted to reflect the need for an anterograde motor to ship retrograde motors back out of the flagellum, but other forms of longer-term feedback are possible. For instance, in the lipid droplet case, similar to the temperature-sensitive effects described above, when a function-blocking anti-kinesin antibody is injected, kinesin function is selectively blocked, and there is net minus-end motion. Further, a kinesin-null mutant also blocks all minus-end motion driven by dynein [11] . However, when kinesin dosage is decreased by 50%, although droplet motion is unaffected from a transport point of view (i.e., the number of moving droplets is unaffected, and their travel distances and velocities are not decreased, and thus any effects cannot be due simply to an inability to come into contact with dynein), the number of engaged motors in both directions is decreased by 50% [11] . Thus, the observed longer-time impairment in the flagella case may also reflect subtle effects or feedback.
It is likely that the activity of opposing motors is regulated using different strategies for different classes of cargo. One of the immediate challenges facing the field is to determine how many such classes there are -is each type of cargo really different, or are there are a few general classes of cargo transport, each with its associated regulation of the underlying motors? At this stage we cannot arrive at a single general model of cargo transport, but the studies here develop an important new system that will help us approach this long-term challenge. Clearly, there will be a lot of back-and-forth before we understand how back-and-forth motion works in the cell. Functional Neuroanatomy: The Locus of Human Intelligence A new study mapping the functional effects of brain lesions has revealed a surprising map of human intelligence, stimulating a re-evaluation of data from purely correlative methods such as functional magnetic resonance imaging.
Parashkev Nachev 1 , Yee-Haur Mah 3 and Masud Husain 1, 2 Where in the brain are the sites that determine intelligence? For some researchers, such a question is nonsensical: they would argue no single brain function could subserve something so complex. For others, though, the possibility of a discrete set of brain regions governing intelligence might not seem so bizarre [1] . Many behavioural studies show strong correlations between an individual's performance across a range of mental ability tests, pointing to a common, general factor [2, 3] .
But how do we find the neuroanatomical underpinnings of such a commonality? Because the defining feature of intelligence is the generality of its operations, there is no easy way of constructing a single set of tasks that uniquely isolates it. Most neuroanatomical studies have therefore focused on differences between people measured using a battery of mental tasks, exploring their putative biological basis using functional magnetic resonance imaging (fMRI) or voxel-based morphometry (VBM). Although frontal lobe involvement appears to be a dominant theme, the picture these studies paint is remarkably variable [4] .
A recent study [5] employing a very different experimental tool -voxel-based lesion-function mapping -has produced yet another map of intelligence, at odds with traditional views. The authors studied the intellectual performance, as gauged by the widely used Wechsler Adult Intelligence Scale, of 241 patients with focal brain damage to various parts of the brain. The number and diversity of lesion locations allowed them to establish lesion-deficit relationships across most, but not all, of the brain.
The statistical maps revealed a remarkable degree of anatomical segregation: language-centred deficits localized to the left inferior frontal lobe; perceptual-centred deficits to the right parietal, occipitoparietal, and superior temporal cortex; and impairments in working memory predominantly to the left dorsal frontoparietal areas. Not only was there surprisingly little overlap between different domains, the frontal lobes -for so long assumed to be of primary importance in abstract operations of any kind -did not show the dominance many might have expected. These findings suggest that if intelligence is indeed based on a discrete, unitary substrate, its neuroanatomy must be far more intricate than might have been thought.
Critically, there is good reason to give this study [5] greater weight than those derived from established neuroimaging methods. Frustratingly, fMRI has serious limitations as a tool for exploring intelligence. First, a global ability cannot be easily isolated with a specific set of paradigmsnecessarily the form imaging experiments take -unless we presuppose that the paradigm inevitably recruits it, which begs the question we are trying to answer. Second, we have no way of knowing whether functional imaging should reveal lower signal in high-performance subjects -because their brains are better organised, requiring less 'effort' [6] -or higher signal -because they are able to recruit these areas to a greater extent [7] . Neither result can therefore be unequivocally interpreted.
Most importantly, functional imaging does not establish the necessity of a given region for a putative function, but merely establishes a correlation.
If measuring brain volumes by VBM escapes many of these criticisms, it brings problems of its own. Whether or not the focal volume of a brain region will correlate with intellectual performance will depend not only on the extent of its involvement in the underlying neural processes but also on the (unquantifiable) relation between volume and neural function. The picture presented by VBM will therefore be distorted by this unknown relation in a way we cannot easily characterise, and, like functional imaging, the relation it describes remains a purely correlative one.
By contrast, much stronger inferences about the relation between structure and function in the brain could be made if we were able to study the consequences of focal inactivation across the entire brain. We might then distinguish the parts of the brain that are essential to intelligence from those that are not. The closest we can come to this in practice is to study the behaviour of patients with focal brain damage from incidental causes: lesion-function mapping.
Unfortunately, the natural causes of focal brain lesions are generally unsympathetic to our aims: the size, shape, and distribution of lesions are strikingly non-random. Lesions announce their presence generally only after their behavioural consequences have become manifest, making it difficult to determine their unique contribution to the intellectual deficit. Moreover, co-existent deficits may mask or distort our inference. A disturbance of language, for example, will inevitably interact with the patient's capacity to understand and respond to the task, making it difficult to characterise his true underlying abilities. For all their potential power, lesion studies have therefore been slow to emerge. The remarkably large number of patients surveyed by Glä scher et al. [5] has allowed them to overcome many of these problems.
If this study is a milestone, the road it marks remains a long and winding one. Although the authors deal with one major difficulty in lesion-mapping -the striking variability in detection power across the brain -by examining each brain volume unit independently, they do so inevitably at the cost of ignoring correlations across disparate areas of the brain. Such correlations arise from the essential non-randomness of lesion data, for example from the vascular supply to brain areas in stroke. It is likely that they distort the inference in a way that is very hard to predict, especially if more than one area of the brain is critical to a syndrome [8] .
Note, for example, the remarkable variation in mean volume for lesions affecting different parts of the brain depicted in Figure 1 (our unpublished data). Damage to certain areas is much more likely to occur if a lesion is large than small, the converse is true for others. Although a simple parameter such as total lesion volume can be easily corrected for in the statistical model, other global features of the lesion -its shape for example -are much harder to parameterize. Nevertheless, the study by Glä scher et al. [5] is a key landmark in the study of the anatomy of human intelligence, opening the way for even more sophisticated approaches of lesion-function correlation in the near future. 
